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Net health benefitIn resected pancreas cancer, adjuvant therapy improves outcomes and is considered the standard of care
for patients who recover sufficiently post operatively. Chemotherapy or combined chemotherapy and
radiation therapy (chemoradiation; CRT) are strategies used in the adjuvant setting. However, there is
a lack of evidence to suggest whether the addition of RT to chemotherapy translates to an improvement
in clinical outcomes. This is true even when accounting for the subset of patients with a higher risk for
recurrence, such as those with R1 and lymph node positive disease. When considering the direct and indi-
rect costs, impact on quality of life and questionable added clinical benefit, the true ‘‘net health benefit”
from added RT to chemotherapy becomes more uncertain. Future directions, including the utilization of
modern RT, integration of novel therapies, and intensifying chemotherapy regimens may improve out-
comes in resected pancreas cancer.
 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Pancreas cancer remains the fourth leading cause of cancer
deaths in the United States with a dismal prognosis and a 5-year
overall survival of <5% across all stages [1]. In 2014, there were
approximately 46,420 new cases of pancreatic cancer with only
9% with localized disease [2]. Patients with localized disease that
is deemed resectable will undergo a pancreaticoduodenectomy
(Whipple procedure) or a distal pancreatectomy with the intent
to achieve a complete (R0) resection [3,4]. Despite a curative
intent, most patients will eventually succumb to recurrent disease
[5]. Adjuvant therapy improves relapse free and overall survival
following resection and the administration of adjuvant treatment
is considered the standard of care for patients who recover suffi-
ciently within 4–12 weeks post operatively [6]. While the role of
chemotherapy (CT) has been established in randomized trials,
there is no consensus on the role of combined chemotherapy and
radiation (chemoradiation; CRT) due to inconsistent results from
trials. Herein, we provide an overview on the role of adjuvant ther-
apy in pancreatic cancer, a cost analysis based on the various
modalities and an assessment of future directions integrating novel
therapeutic strategies.Adjuvant therapy following resection
The role of adjuvant chemotherapy in resected pancreatic cancer
Numerous studies investigating the use of adjuvant chemother-
apy have shown a significant improvement in clinical outcomes in
comparison to observation. CONKO-001, which investigated the
use of adjuvant gemcitabine versus observation, showed a signifi-
cant improvement in disease-free survival of 13.4 months in
patients who received adjuvant chemotherapy vs. 6.9 months in
the observation group [7]. This finding was consistent across all
subgroups, including patients with node-positive disease and
microscopically positive margin (R1) resections. Updated results
from this trial revealed a significant overall survival benefit for
adjuvant gemcitabine, with a median overall survival of
22.8 months in the gemcitabine group vs. 20.2 months (HR 0.76,
p = 0.01) in the observation group [8]. Results from a smaller phase
III Japanese Study Group of Adjuvant Therapy for Pancreatic Cancer
trial resulted in similar findings to CONKO-001 [9]. Another large
study, ESPAC-3 compared the benefits of adjuvant gemcitabine,
bolus 5-fluorouracil and leucovorin (5-FU/LV) or observation in
resected pancreatic adenocarcinoma (Table 1) [10]. The observa-
tion arm was removed from the design following the results of
ESPAC-1 [11], which demonstrated that chemotherapy (5-FU/LV)
was superior to observation and CRT. There was a comparable
overall therapeutic benefit for the 2 chemotherapy arms (23.0 vs
Table 1
Summary of randomized post-operative adjuvant therapy trials in pancreas cancer.
Study No. of patients Treatment % R1 % LN + % Locoregional recurrence Median OS P Value Median DFS P Value % G3–4 toxicity
ESPAC-1a [11] 289 5-FU 19 53 35 20.1 0.009 15.2 0.04 4
CRT 19 50 15.9 10.7 6
ESPAC-3b [10] 1149 5-FU 14 62 NR 23 0.39 14.1 0.53 14
G 15 60 NR 23.6 14.3 7.5
RTOG 9704c,
^
[14] 451 5-FU/CRT 33 65 30 16.9 0.15 11.1 NR 62
G/CRT 35 68 31 18.8 11.2 79
CONKO-001d,* [7,8] 354 G 19 71 34 22.8 0.01 13.4 <0.001 5
Observation 15 73 41 20.2 6.7 1
JSAP-02e,* [9] 378 G 19 67 23 22.3 <0.001 11.4 0.01 26
Observation 8 70 32 18.4 5 NR
GITSGf [12] 43 CRT 19 29 15 20 0.03 11 0.01 7
Observation 24 27 15 11 9
CONKO-005g 436 G 0 66 NR 26.5 0.406 11.6 0.291 45.4
G + E 0 64 NR 24.6 11.6 63
G-gemcitabine, E-erlotinib, 5-FU (5-fluorouracil), CRT-chemoradiation, CT-chemotherapy.
^ Findings in RTOG 9704 presented local recurrence and lymph recurrences separately, which we combined for conformity.
* In addition to adenocarcinoma, they included other histology.
a 5-FU (425 mg/m2) + LV (20 mg/m2 bolus)  5 days (every 28 days  6 courses). 20 Gy in 10 daily fx with IV bolus 5-FU (500 mg/m2 days 1–3 of RT and again after planned
2 week break).
b (143) 5-FU-LV (20 mg/m2 bolus), followed by 425 mg/m2 5-FU days 1–5 every 28 days  6 courses. (141) Gemcitabine 1 gm/m2 IV once a week for 3 of every 4 weeks  6
courses.
c 5-FU (continuous infusion 250 mg/m2) or Gemcitabine (1 gm/m2 once a week) for 3 weeks prior to CRT. CRT continuous infusion of 5-FU (250 mg/m2 per day) with
50.4 Gy (in 28 fx).
d Gemcitabine 1 gm/m2 once a week for 3 of every 4 weeks  6 courses.
e Gemcitabine (1 gm/m2 once a week for 3 of every 4 weeks  6 courses).
f CRT-5-FU (500 mg/m2 IV bolus daily  3d) with 2D RT (split course radiation, 40 Gy (20 Gy  2 separated by interval of 2 weeks)), followed by 5-FU (500 mg/m2 IV bolus
once weekly  2 years or until recurrence.
g Gemcitabine (1 gm/m2 once a week for 3 of every 4 weeks  6 courses). Erlotinib (100 mg/d p.o. daily)  6 courses.
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favorable toxicity profile associated with gemcitabine (Table 1).
Based on these studies, there appears to be a clear clinical benefit
for patients with resected pancreatic adenocarcinoma receiving
adjuvant chemotherapy regardless of nodal and resection status.The role of adjuvant chemoradiation therapy in resected pancreatic
cancer
Earlier randomized clinical trials investigating the role of com-
bined chemotherapy and radiation (CRT) have been largely under-
powered with flawed designs and mixed results. Nonetheless, CRT
had been recommended as a treatment option in the adjuvant set-
ting. The historical precedent for adjuvant chemoradiotherapy
stems from the results of the Gastrointestinal Tumor Study Group
(GITSG) 9173 trial published in 1987, which demonstrated a 9-
month survival benefit for adjuvant fluorouracil (5-FU) based
chemoradiation over observation in resected pancreatic cancers
(20 months in the chemoradiation group versus 11 months in the
observation arm) [12]. The study was underpowered with 43
patients included in the analysis. An archaic 2D radiation tech-
nique was utilized, where patients received two 20 Gy courses
(total 40 Gy) separated by 2 weeks, with large treatment radiation
fields (covered residual pancreas, pancreatic bed, and at-risk
lymph node regions). Subsequent trials attempting to confirm
the benefit of adjuvant chemoradiation were not able to reproduce
similar findings (Table 1). In 1999, the EORTC study, which com-
pared adjuvant chemoradiotherapy to observation in pancreas can-
cer, showed a non-statistically significant trend towards a survival
benefit [13]. Similarly to GITSG, a split course of radiation
(2  20 Gy separated by two weeks, total 40 Gy) was administered
to patients, utilizing 3D radiation technique with tissue limits to
the liver, kidneys and spine. A subset analysis did suggest a trend
towards survival benefit in patients with pancreatic head tumors
only, with a 2 year overall survival of 34% versus 26% in the obser-
vation group (p = 0.099) [13].More recently, published in 2008, RTOG 9704, a phase III ran-
domized controlled trial, investigated the role of adjuvant concur-
rent 5-fluorouracil (5-FU) and radiation, sandwiched between
either 5-fluorouracil (5-FU) or gemcitabine. This was the first mod-
ern radiation therapy randomized phase III trial, where standard-
ized guidelines were given in regards to radiation fields, dosing
and targets. RT was conducted by 3D technique (no IMRT), admin-
istering 45 Gy with 1.8 Gy fractions to all targets, followed by a
boost of 5.4 Gy (over 3 fractions) to the tumor bed, for a total of
50.4 Gy. The results of this study showed no major differences in
patient outcomes between gemcitabine and 5-FU in the adjuvant
setting, except in patients with tumors in the head of the pancreas
where gemcitabine seemed to be of further benefit (20.5 versus
16.9 months). Despite the use of modern radiation techniques
and quality control measures, the locoregional recurrence rate
remained relatively high in both treatment arms (Table 1) [14].
Additionally, grade 3 or 4 toxicities were high in both treatment
arms, which were 62 and 79 percent in the 5-FU and gemcitabine
arm. The design of RTOG 9704 was to compare two different regi-
mens in the adjuvant setting, but failed to address the potential
added role for radiation therapy in resected pancreatic cancer.
Therefore findings from this study did not address the role of adju-
vant chemo-radiation therapy in this disease.Chemotherapy (CT) versus chemo-radiation therapy (CRT): What
should the standard be?
The role of adjuvant CT is well established in patients with
resected pancreas cancer. However, there is a noticeable paucity
of studies that help us understand the added role of radiation (as
in CRT) to CT in resected pancreas cancer. One such study is
ESPAC-1, a phase III randomized control trial that attempted to
address the role of radiation therapy in resected pancreatic cancer
by comparing the overall benefits of CRT vs. CT. The trial used a
two-by-two factorial design in which patients were randomized
to receive CRT or CT, observation, or both treatments. RT was
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survival benefit for adjuvant CT in comparison to concurrent CRT,
20.1 versus 15.9 months, respectively (Table 1). Concurrent CRT
proved to be detrimental with higher recurrence rates (12 month
recurrent rate 46 versus 55 percent), shorter recurrence-free sur-
vival (10.7 versus 15.2 months) and increased toxicity (6 versus 4
percent) in comparison to CT [11]. The trial had many limitations
including a high rate of non-adherence (lack of uniformity of treat-
ments or absence of treatments in 30% of the patients), the allow-
ance of background CRT or CT, an unconventional study design, and
the use of suboptimal radiation therapy techniques and quality
assurance [11]. Thus, while this study confirmed the benefits of
adjuvant CT, it did not demonstrate any benefit from CRT in the
adjuvant setting.
In the absence of results fromwell-designed prospective clinical
trials, we are limited to cross-study historical comparisons while
acknowledging the limitations of such data. Table 1 summarizes
results from prospective randomized trials with postoperative
adjuvant strategies in pancreatic cancer. The data in the table con-
sistently suggest that the addition of CRT in the adjuvant setting
may not enhance the benefits observed with CT alone. Addition-
ally, in a disease process where patients experience a significant
burden of symptoms and likely spend an average of a quarter of
their remaining lifetime on adjuvant therapy, toxicities (and cost)
should become an important consideration. In RTOG 9704, 58% of
patients experienced grade 3 or higher non-hematologic toxicities
in the gemcitabine arm while only 3% did so in CONKO-001. While
RTOG 9704 did not include a quality of life (QOL) analysis, results
from CONKO-001 suggest no detriment in QOL and an increase in
weight with the administration of single agent gemcitabine [7,14].
To date, randomized trials investigating the role of adjuvant
CRT have not demonstrated any added benefit in comparison to
CT or observation. In the setting of a disease such as pancreas can-
cer whose outcomes are predominantly driven by early metastatic
dissemination, the role of additional loco-regional therapy (i.e.
CRT) remains unclear. One strategy includes examining the role
of CRT following a reasonable period of exposure to systemic ther-
apy in patients who remain disease-free. This strategy is being
addressed in an ongoing phase III randomized control trial examin-
ing the role of CRT in patients without evidence of recurrent dis-
ease following the completion of 5 cycles of systemic
gemcitabine (RTOG 0848, Clinical Trials.gov NCT01013649).
Patients without evidence of recurrence after completion of the
planned 5 cycles will be randomized to receive one additional cycle
of systemic gemcitabine or 1 cycle of chemotherapy followed by
CRT (either capecitabine or 5-FU; 50.4 Gy in 28 fractions of
1.8 Gy). It is possible that further incorporating more aggressive
systemic approaches may help to better establish the role of
loco-regional therapies. Strategies examining the role of FOLFIRI-
NOX or gemcitabine/nab-paclitaxel vs. gemcitabine are underway,
which we will discuss in detail below.
Do certain defined subgroups of patients with resected pancreas
cancer benefit from the addition of CRT?
Do patients with microscopic residual disease (R1) following resection
benefit from the addition of adjuvant CRT?
One assumption being made about CRT was that patients with
microscopic residual disease (R1) following resection would derive
benefit from the addition of RT. The rationale for this hypothesis is
that radiation therapy to the surgical bed might allow for ‘‘steriliz-
ing” the area of residual microscopic disease and thus delaying or
preventing localized recurrent disease. An in depth analysis into
the results of RTOG 9704 demonstrates a loco-regional control rate
that is no different than other studies, with CT alone such as
CONKO-001 (Table 1). Based on the high R1 resection rates in RTOG9704 (35%), proponents of CRT have suggested a potential benefit
in this subset of patients. However, it is notable that approximately
25% of the patients included in this study had an unknown resec-
tion status, making an accurate description of the breakdown of
margin resection status difficult to interpret [14]. In contrast, in
CONKO-001, 100% of patients had their resection margin status
known [7]. Moreover, patients with a positive surgical margin in
both CONKO-001 and RTOG 9704 seem to derive a similar benefit
from therapy when compared to those with negative or unknown
surgical margins. This suggests that the addition of CRT does not
have a greater impact on local control when compared to the
effects of full dose systemic therapy.
Do patients with lymph node positive disease benefit from adjuvant
CRT?
In contrast to margin resection status, the presence of lymph
node involvement appears to be a poor prognostic factor in both
CONKO-001 and RTOG 9704 [7,14]. A recent retrospective analysis
of resected pancreatic cancer patients confirmed that LN involve-
ment was a significant factor associated with poor survival, while
resection status is only a prognostic factor in tumors where there
is absence of lymph node involvement [15]. Initial, limited datasets
from retrospective analyses suggested that patients with LN
involvement demonstrated a clinical benefit from adjuvant CRT
as compared to no therapy [16–18].
Our group recently examined the role of potential as related to
risk factors associated with survival in patients with recurrent pan-
creatic cancer following resection. Our study suggested that the
absence of lymph node involvement was associated with a signif-
icant survival benefit when compared to those with lymph node
involvement (25.6 vs. 10.6 months). Interestingly, lymph node
involvement was associated with early recurrence (6 6 months)
and patterns of disseminated disease at the time of recurrence
[19]. This may help explain the lack of benefit from CRT in this
group of patients, where recurrent pancreatic cancer typically
manifests with diffuse, disseminated disease. Collectively, these
findings suggest that improving strategies for systemic control
should take priority in resected pancreatic cancer.
Adjuvant strategies in pancreas cancer: assessing the value of
treatment options
Given the lack of evidence of benefit of adjuvant CRT in compar-
ison to CT in resected pancreatic cancer, we conducted a cost anal-
ysis to compare the two treatment modalities. A recent ASCO
initiative confirmed a shift in paradigm to determine a ‘‘net health
benefit” (NHB) that takes into consideration the cost of treatment,
indirect costs (related to toxicities, supportive care costs, quality of
life) and clinical benefit [20]. The value of NHB in cross study com-
parisons is still unknown, however, our collaborating group has
published multiple studies assessing the value of care for emerging
and established therapies [21–27]. To estimate the unit price of
each drug, we used the 2014 average sales price by the Centers
for Medicare and Medicaid services (CMS) [28]. To calculate
chemotherapy doses, we used a body surface area of 1.86 m2 based
on mean US values [29]. Administration costs, radiation costs, and
physician visits were calculated using Current Procedure Terminol-
ogy (CPT) codes according to the Medicare physician fee schedule
for 2014 (Table 2) [30]. Using the CONKO-001 and RTOG 9704
studies, we calculated the cost (including cost of drugs, administra-
tion and clinic visits) of (1) six months of adjuvant gemcitabine,
versus (2) RTOG 9704-type treatment: the cost of two months of
adjuvant gemcitabine and two months of concurrent 5-FU and
radiation followed by two months of gemcitabine (Table 2).
The cost of adjuvant chemotherapy was approximately
$2,989.11 per patient for the total course of 6 cycles, in comparison
Table 2
Costs of adjuvant chemotherapy, radiation and chemoradiation.*
Treatment modality Chemotherapy Radiation Chemotherapy
+ chemoradiation
3D Radiation Therapy
(Non-IMRT)a
15161.79
Intensity-Modulated
Radiation Therapya
18703.88
Stereotactic Body
Radiation Therapyb
9229.00
Adjuvant gemcitabinec 2989.11
Concurrent
chemoradiationd
18,078.79
* All costs were calculated in US dollars ($).
a Based on 28 fractions.
b Based on 5 fractions.
c Based on 6 cycles of adjuvant gemcitabine 1gm/m2 per CONKO-001.
d Based on RTOG 9704 (4 months of gemcitabine followed by 28 fractions of 3D
radiation therapy with concurrent 5-flurouracil).
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CRT results in a net difference of $15,089.68 per patient. With
46,420 new cases of pancreas cancer per year in the U.S., including
9% being localized and potential candidates for adjuvant therapy,
the annual cost for adding CRT is approximately $75.5 million
annually in comparison to $12.5 million for CT alone, which
amounts to a difference of approximately $63 million per year.
These cost differences are likely to be higher since they do not take
into account treatment-related complications, where grade 3 and 4
toxicities were approximately 4% in CONKO-001 in historical com-
parison to 79.5% in the gemcitabine arm of RTOG 9704 [7,14].
Additionally, and acknowledging the limitations of cross-study
comparisons between clinical trials, adjuvant CT and CRT do show
very similar survival benefits in the adjuvant setting in pancreas
cancer (Table 1).
In summary, it is difficult to justify the routine utilization of CRT
in the adjuvant setting in pancreas cancer given the lack of added
historical benefit, the added direct costs, the likely added indirect
costs (including risk of toxicities) and the possible impact on qual-
ity of life over CT alone [8,14]. The measure of determining true
value in the decision-making process in selecting adjuvant thera-
pies should be strongly considered and should also be integrated
prospectively into the future development and approval processes
of novel therapeutic modalities in pancreas cancer.
Future directions: strategies to improve outcome in adjuvant therapy
in pancreas cancer
Despite advances in pancreas cancer treatment, patient out-
comes in resected disease remain dismal. Thus, novel strategies
and agents continue to be urgently needed in the adjuvant setting.
Herein, we provide a brief overview of strategies that are being
investigated in the adjuvant setting.
The evolving landscape of radiation therapy (RT)
Standard CRT in the adjuvant setting consists of five to six
weeks concurrent CT (e.g. 5-FU) with standard 50.4 Gy over 28
fractions as delivered in RTOG 9704, or the ongoing successor trial
RTOG 0848. Recognizing that prolonged courses of radiation do not
sufficiently prevent loco-regional and disseminated recurrence,
studies have attempted to shorten courses and intensify radiother-
apy dosing with techniques including intensity-modulated radia-
tion therapy (IMRT) and stereotactic body radiation therapy
(SBRT). SBRT delivers ablative doses of highly conformal radiation
to the gross tumor volume, while minimizing radiation exposure
and collateral damage to the normal, surrounding tissues, over
3–5 days. [31]. The high biologically effective doses and shorteroverall treatment time with SBRT may provide advantages in local
control, disease outcomes, quality of life, and cost-effectiveness,
and may represent an increasingly common radiation treatment
option in the future for centers with expertise and quality-safety
programs in place for SBRT. Because of the shorter overall treat-
ment time compared to standard fractionated therapy, patients
receiving SBRT are able to resume systemic therapies sooner allow-
ing for both loco-regional and systemic control. Several studies, in
locally advanced pancreatic cancer have demonstrated the feasibil-
ity, safety, and efficacy of SBRT, with similar clinical outcomes and
acceptable GI toxicities that are seen with conventional chemora-
diation. [31–36]. Limitations of SBRT in the adjuvant setting relates
to the smaller fields that may limit coverage to less than the surgi-
cal bed. While SBRT has not been explored in the adjuvant setting,
based on the safety and efficacy data seen with locally advanced
pancreas cancer, the benefits of SBRT will hopefully translate to
the treatment of resected pancreas cancer in the adjuvant setting.
One of the challenges of SBRT in the adjuvant setting would be tox-
icity related to having normal tissues within the radiated field.
Thus, if this approach is to be considered, prospective clinical trials
need to establish the safety of this approach. Further studies are
needed to confirm the potential clinical benefit of SBRT given all
the above and its lower cost compared to traditional radiation
techniques (Table 2).
Additional local therapies of interest include proton radiother-
apy with its potential advantages in sparing normal tissue beyond
the tumor target given the physical properties of protons in tissue,
which allow for a steep dose fall-off. Proton radiation is increas-
ingly being tested in gastrointestinal malignancies, including pan-
creatic cancer. There are multiple small trials testing proton
therapy in the neoadjuvant, borderline resectable, locally
advanced, and adjuvant settings for pancreatic cancer. Some trials
have been reported already with favorable preliminary results,
including low rates of GI toxicity [37–39]. The current cost of pro-
ton therapy however remains a significant concern.
Taken together IMRT, SBRT and proton therapy may represent a
practice-changing and novel paradigm for radiotherapy in the
management of pancreatic cancer if future randomized trials sug-
gest a favorable cost-benefit ratio.Incorporating intensified chemotherapy regimens
Given the observed benefits seen with disease control in the
more advanced setting, the role of intensified chemotherapy regi-
mens such as FOLFIRINOX and gemcitabine/nab-paclitaxel are
being explored in the adjuvant setting (Table 3). Current ongoing
phase III studies, PRODIGE24/ACCORD24 (NCT01526135) and
APACT (NCT01964430) are investigating the role of adjuvant FOL-
FIRINOX and gemcitabine/nab-paclitaxel respectively, in compar-
ison to gemcitabine alone. Another phase III study, ESPAC-4
(ISRCTN96397434), investigating the role of adjuvant capecitabine
plus gemcitabine in comparison to gemcitabine has completed
accrual.
Moreover, these recent advances in systemic chemotherapy
have allowed us to incorporate more aggressive treatment regi-
mens into strategies to improve surgical outcomes in patients with
advanced but localized disease. The incorporation of intensified
chemotherapy regimens such FOLFIRINOX or gemcitabine/nab-
paclitaxel allows for systemic control while improving the chances
for R0 resection [40,41]. This strategy has been investigated in sev-
eral small studies, including from our institution, where the major-
ity of patients with borderline resectable or locally advanced
pancreatic cancer who received neoadjuvant FOLFIRINOX with or
without radiation were able to undergo successful resection of
their disease [42–45].
Table 3
Ongoing or Completed phase III clinical trials in adjuvant pancreas cancer.
Trial Control Arm Experimental Arm Phase Comment NCT Status
APACT Gemcitabine nab-paclitaxel + gemcitabine III NCT01964430 Ongoing
PRODIGE Gemcitabine mFOLFIRINOX III NCT01526135 Ongoing
IMPRESS Gemcitabine or with 5-FU/RT Algenpantucel III NCT01072981 Completed
RTOG0848 Gemcitabine CRT with capectabine or 5-FU III After 5 cycles of gemcitabine NCT01013649 Ongoing
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setting for the clearly resectable patients may allow to further
enhancing the likelihood of R0 resection, to improve the selection
of patients who will benefit from surgery and to allow for a more
rational incorporation of RT strategies.
Molecular targeted signal pathway inhibitors
Previous studies that have investigated molecularly targeted
agents have resulted in disappointing results. The only molecular
targeted agent in use in pancreatic cancer is erlotinib, which was
approved in 2007 based on a phase III controlled trial showing a
very modest benefit when combined to gemcitabine in the
advanced setting [46]. Based on these findings, studies assessing
whether the clinical benefit seen with erlotinib would translate
in the adjuvant setting or in locally advanced pancreatic cancer.
CONKO-005 investigated the role of erlotinib added to gemcitabine
vs. gemcitabine alone in R0 resected pancreas cancer, where
LAP07, assessed the role of erlotinib added to gemcitabine and
CRT vs. gemcitabine and CRT in locally advanced pancreatic cancer
[47] [48]. Unfortunately, the results for both studies failed to show
an added benefit with the biologic agent. In CONKO-005, no signif-
icant difference in clinical efficacy was seen with the addition of
erlotinib, with similar patient outcomes in median disease free sur-
vival (11.6 months in both arms) and median overall survival (24.6
versus 26.5 months) (Table 1). LAP07 demonstrated a detrimental
effect with the addition of erlotinib, where patients who received
the combination of erlotinib and gemcitabine had worse median
overall survival in comparison to gemcitabine (11.9 versus 13.6
at the second interim analysis. Collectively, these results suggest
the absence of convincing evidence to suggest erlotinib has a role
in the treatment of pancreas cancer. Nonetheless, the role of novel
signal transduction inhibitors remains an area of interest in the
adjuvant treatment [49,50].
The emerging role of immunotherapeutic approaches
Checkpoint inhibitors
As opposed to other solid tumor malignancies, the role for
immunotherapy in pancreas cancer remains undefined. Pancreatic
cancer has been considered a non-immunogenic malignancy, lar-
gely in part due to its immunosuppressive microenvironment.
The interaction and communication between the dense stroma
and pancreas cancer cells leads to the production of inflammatory
cells (fibroblasts and pancreatic stellate cells) that inhibit cytotoxic
T and NK cells through immunomodulatory factors (interleukin-6)
and myeloid-derived suppressor cells [51,52]. As a result, CD4
effector T cells are not representative in its histopathology
[53,54] and therapeutic approaches focusing on overcoming T-
cell immunologic checkpoints with anti-CTLA-4 and anti-PD1
monoclonal antibodies have not demonstrated any meaningful
clinical activity in pancreatic cancer [55,56].
Several strategies are proposed to overcome the resistance and
improve the efficacy of immune checkpoint inhibitors, including in
the adjuvant setting. One approach includes a multi-prong
approach, combining cytotoxic therapy with checkpoint inhibitors,
where the initial insult from chemotherapy or radiation willexpose tumor antigens and cause upregulation of PDL-1, and sub-
sequent blockade with immune checkpoint inhibitors can enhance
T cell effector function and improve locoregional and distant dis-
ease control [57]. Studies utilizing this adjuvant combination strat-
egy in the resected pancreas cancer are currently under
consideration and in development.
Vaccine therapies
With the molecular identification of human tumor antigens,
anti-tumor vaccines are emerging with increased interest as an
alternative immunotherapeutic strategy in pancreas cancer. Expo-
sure to tumor-specific antigens sensitizes the immune system to
identify cancer cells as being foreign and potentially eliminating
pancreas cancer’s ability to evade the immune system. Several
types of vaccinations are under investigation in pancreas cancer,
(including whole-cell, DNA and vaccines with microorganisms),
with several in the adjuvant setting.
Algenpantucel-L (NewLink Genetics Corporation, Ames, Iowa) is
a whole-cell vaccine made of two human pancreatic cancer cell
lines (HAPa-1, HAPa-2) that on injection, induces an immune
response that parallels the hyperacute rejection that can occur
with post-organ transplantation. An open-label phase II study
examining the combination therapy of algenpantucel-L with adju-
vant gemcitabine and 5-FU/radiation in resected pancreatic cancer
demonstrated promising 1-year disease-free survival and overall
survival rates (62% and 86%, respectively) [58]. On this basis, the
IMPRESS trial, a phase III study was recently completed, evaluating
standard adjuvant chemotherapy or CRT with or without
algenpantucel-L in resected pancreas cancer (ClinicalTrials.gov
NCT01072981), and its results should be presented by the end of
the year.
Another class of vaccines are based on tarmogens which are
whole, heat-killed recombinant Saccharomyces cerevisiae yeast
engineered to express target proteins, which stimulate immune
responses against malignant cells expressing the target protein(s)
[59–61]. GI-4000 (GlobeImmune Inc., Louisville, Colorado) is a vac-
cine consisting of four different yeast-based immunotherapy prod-
ucts that target the seven most common RAS mutations at codons
12 and 61. Given the prevalence and central role of RAS activation
in pancreatic cancer proliferation, a phase II randomized, placebo
controlled trial examining the combination GI-4000 with adjuvant
gemcitabine in RASmutated resected pancreas cancer was recently
completed [62]. While the findings did not demonstrate an overall
survival benefit for all patients, patients with R1 resection who
were treated with GI-4000 experienced a survival benefit and
increase in RAS-specific T cell responses. These findings suggest
that in the R1 resected group, patients may demonstrate a certain
proteomic signature which would allow them receive a clinical
benefit from GI-4000 [62].
While these recent findings have led to a renewed interest in
the immunotherapeutic approaches in adjuvant therapy for
resected pancreas cancer, further confirmatory studies are needed,
and are currently in development.
Tailoring personalized therapy
Personalization of therapy or ‘‘precision medicine” is an increas-
ingly important emerging strategy in managing cancer. Prognostic
D.H. Ahn et al. / Cancer Treatment Reviews 42 (2016) 10–17 15biomarkers that predict outcome following surgical resection
regardless of therapy may have significant implications for patient
and physician decisions. Furthermore, predictive biomarkers that
can estimate response to a particular therapy can potentially be
utilized to determine whether a patient should one therapy versus
an alternative one. For example, human equilibrative nucleoside
transporter (hENT1), a nucleoside transporter, was recently been
shown to predict benefit from gemcitabine therapy in the ESPAC-
3 trial, which randomized patients post-operatively to gemcitabine
or 5-fluorouracil/folinic acid. In the gemcitabine arm, patients with
high hENT1 expression by immunohistochemistry had a median
survival of 26.2 versus 17.1 months, which remained significant
on multivariate analysis [63]. These data suggest that patients with
low hENT1 expression may be considered for alternative therapy
such as 5-fluorouracil. However, factors, including disease stage
and antibody may affect hENT1 levels, and its role as a predictive
marker for response should be prospectively investigated in future
studies.
Another example of a potential prognostic and predictive bio-
marker in pancreatic cancer is the secreted protein acidic and rich
in cysteine (SPARC)/osteonectin which is a cell matrix protein that
modulates migration, proliferation, and angiogenesis. A number of
reports have demonstrated that SPARC stromal and tumor overex-
pression portends a worse prognosis [64,65]. Furthermore, initial
data suggested that SPARC, by virtue of binding albumin, might
predict benefit from gemcitabine/nab-paclitaxel [66]. Unfortu-
nately, a recent analysis of SPARC levels in tumor tissue from the
MPACT trial that established gemcitabine/nab-paclitaxel as a new
standard of care in advanced or metastatic pancreas cancer did
not corroborate this finding [67]. Most recently, high SPARC
expression in the stroma and tumor of patients on the CONKO-
001 trial both predicted worse patient survival, which was
restricted to the patients randomized to the gemcitabine arm. Sur-
prisingly, this finding suggests that SPARC expression may serve as
a predictive biomarker for adjuvant gemcitabine, but needs further
validation in prospective trials [68].
Another potential biomarker with potential clinical applicabil-
ity is SMAD4/DPC4 which is a gene commonly inactivated in pan-
creatic cancer that is associated with poor prognosis when
inactivated [69,70]. Interestingly, in a rapid autopsy series from
Johns Hopkins, patterns of failure indicated that 30% of patients
died of locally destructive pancreatic cancer, whereas 70% suc-
cumbed to widespread metastases, suggesting that local control
is still important. SMAD4 inactivation was associated with the
widespread metastatic phenotype, compared to the locally
destructive phenotype [71]. Other studies attempting to validate
SMAD4 as a biomarker in pancreatic cancer have shown mixed
results [72,73]. Thus, prospective validation of SMAD4 is war-
ranted, and is being investigated in ongoing trials including RTOG
1201 (NCT01921751), a phase II trial investigating the role of
added chemoradiation to chemotherapy in patients with locally
advanced pancreatic adenocarcinoma. Correlative studies include
examining the role of SMAD4 as a marker for disease progression
and therapy response. Ultimately, identifying a molecular signa-
ture which predicts for a more locally aggressive disease recur-
rence pattern after resection bears significant implications for
deciding which patients might derive the most benefit from more
aggressive local therapies such as radiation.Conclusions
In conclusion, it is difficult to justify the routine utilization of
CRT in the adjuvant setting in pancreas cancer given the lack of
added benefit, the added direct costs, the likely added indirect
costs (including risk of toxicities) and the possible impact on qual-ity of life over CT alone. Investigational studies that are underway
will help elucidate the role of radiation (including novel modalities
such as SBRT or proton therapy), immunotherapies and other tai-
lored approaches with the hope to improve outcomes of patients
in this desperate disease. Finally, the value of existing and emerg-
ing approaches should be fully integrated into our clinical decision
making tree.Conflicts of Interest
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